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Abstract of JP1 1097794 

PROBLEM TO BE SOLVED: To obtain a 
semiconductor laser of about 0.8 &mu m band 
in which the reliability is enhanced under high 
output oscillation. SOLUTION: A p-Ca1-z1 
Alz1 As clad layer 2 (0.8>=z1>=0.55), a p-lnx2 
Ga1-x2 As1-y2 Py2 optical waveguide layer 3, 
an Inx3 Ga1-x3 As1-x3 Py3 active layer 4, an 
n-lnx2 Ga1-x2 As1-y2 Py2 optical waveguide 
layer 5, an n-lnx4 (Ga1-z4 Alz4 )1-x4 As1-y4 
Py4 clad layer 6 (1 >=y>=0.85), and an n-GaAs 
contact layer 7 are grown sequentially on a p- 
GaAs substrate 1. The clad layers 2, 6 and the 
optical waveguide layers 3, 5 have a 
composition lattice matching with the substrate 
1. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A cladding layer which has one conductivity of a p type or a n type on a GaAs 
substrate, The first photoconductive layer, an active layer, the second photoconductive layer, 
and a cladding layer that has the conductivity of another side of a p type or a n type are the 
semiconductor laser devices which this order comes to laminate, A cladding layer which has said 
p type conductivity consists of Gai_ 2 iAl z1 As (0.8 >=z1 >=0.55) which carries out lattice 

matching to said GaAs substrate, Said active layer consists of I n x 3G a i- x 3 As i- y 3P y 3. A cladding 

layer which has said n type conductivity consists of In^CGa^^AI^) 1 _ x4 As 1 _ y4 P y4 (1>=y4>=0.8) 

which carries out lattice matching to said GaAs substrate, A semiconductor laser device, 
wherein said first and the second photoconductive layer are what consists of In^Ga^^As^ 

y2 P y2 which carries out lattice matching to said GaAs substrate. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the presentation of the semiconductor layer 
which constitutes a semiconductor laser device in detail about a semiconductor laser device. 
[0002] 

[Description of the Prior Art]As a semiconductor laser of a 0.7 - 0.85-micrometer belt, 
conventionally, The semiconductor laser which laminates a n-AIGaAs cladding layer, n or an i- 
AIGaAs lightguide, an i-AIGaAs active layer, p or an i-AIGaAs lightguide, a p-AIGaAs cladding 
layer, and a p-GaAs cap layer is common to n-GaAs substrate. However, with this structure, the 
resonator edge face which carried out cleavage to it and was formed in it in order that aluminum 
might oxidize to an active layer easily in activity chemically including aluminum deteriorates 
easily, and it is disadvantageous in respect of high-reliability. 

[0003]Then, as a semiconductor laser of the 875 nm bands which become all-aluminum-free, As 
shown in IEEE Photonics technology Letters, Vol.6, and No.4(1994)pp.465, on n-GaAs substrate, 
The semiconductor laser which consists of a n-InGaP cladding layer, a undoped InGaAsP 
lightguide, a GaAs quantum well active layer, a undoped InGaAsP lightguide, a p-InGaP cladding 
layer, and a p-GaAs cap layer is proposed. However, the semiconductor laser without this 
aluminum has the large temperature dependence of an element characteristic, Although the 
highest optical power is as high as 4.2 W, it has the fault that luminous efficiency worsens by 
generating of the leakage current, by more than optical power 1W, and does not bear practically 
as high output semiconductor laser in the short wavelength region near the 0.8 mum. 
[0004]On the other hand, an active layer as a semiconductor laser of the 0.8-micrometer belt 
which becomes aluminum-free, To n-GaAs substrate as shown in Jpn.J.Appl.Phys.Vol.34(1995) 
pp.L1 175-1 177, a n-AIGaAs cladding layer, The semiconductor laser which consists of an i- 
InGaP lightguide, an InGaAsP quantum well active layer, an i-InGaP lightguide, a p-AIGaAs 
cladding layer, and a p-GaAs cap layer is reported. However, this semiconductor laser has the 
fault that the temperature characteristics of an element characteristic are large, by overflow of a 
career. 

The driving current in the time of a high-output oscillation increases, and degradation of the 
reliability by the chip temperature rise accompanying generation of heat arises. 

[0005] 

[Problem(s) to be Solved by the Invention]In light of the above-mentioned circumstances, this 
invention is ****. 0.8 [ good / the purpose / those with **, and the injection efficiency of a 
career and reliable under a high-output oscillation ]. It is providing the semiconductor laser of 
mum belt. 



[0006] 

[Means for Solving the Problem]A cladding layer which has one conductivity of a p type or a n 
type on a semiconductor laser device of this invention, and a GaAs substrate, The first 
photoconductive layer, an active layer, the second photoconductive layer, and a cladding layer 



that has the conductivity of another side of a p type or a n type are the semiconductor laser 
devices which this order comes to laminate, A cladding layer which has said p type conductivity 
consists of Ga 1-z1 Al z1 As (0.8 >=z1 >=0.55) which carries out lattice matching to said GaAs 

substrate, Said active layer consists of In x 3Ga 1 _ x3 As l _ y3 P y3 , A cladding layer which has said n 

type conductivity consists of In x4 (Ga 1 _ z4 Al z4 ) i- x 4 A s 1 _ y4 Py 4 (1>=y4>=0.8) which carries out 

lattice matching to said GaAs substrate, Said first and the second photoconductive layer are 
characterized by being what consists of In x 2Ga 1 _ x2 As 1 _ y2 P y2 which carries out lattice matching 

to said GaAs substrate. 

[0007]Each of composition ratio x p which does not specify a range in particular, and y m can take 

any value of the range of 0<=x n <=1 and 0 <=y m <-1- 

[0008] 

[Effect of the Invention]Since the active layer comprises a presentation which does not contain 
aluminum, the semiconductor laser of this invention is reliable in respect of endurance as 
compared with the conventional 0.8 mum belt semiconductor laser which contains aluminum in 
an active layer. By having made the above-mentioned p type clad layer into Ga 1 _ z1 Al z1 As, Since 

band offset of the conducting zone of a lightguide and a p type clad layer can be enlarged and 
band offset with a valence band can be made small, Overflow of the electron from a lightguide to 
a p type clad layer can be reduced, and the injection efficiency of the electron hole to a 
lightguide can be raised from a p type clad layer. By having made the n type clad layer into In x4 

^ a l-z4^'z4^ 1-x4^ s 1-y4 P y4 ^ >=y4>=0.8), Since band offset of the valence band of a lightguide 
and a n type clad layer can be enlarged and band offset of a conducting zone can be made small, 
overflow of the electron hole from a lightguide to a n type clad layer can be reduced, and 
electronic injection efficiency can be raised. 

[0009]That is, since the semiconductor laser of this invention can reduce driving current and can 
reduce generation of heat of an element by above overflow reduction and injection efficiency 
improvements of an electron and an electron hole, under a high-output oscillation, it becomes 
what has high reliability. 
[0010] 

[Embodiment of the Invention]A drawing is used for below and an embodiment of the invention is 
described to it. 

[0011] Drawing 1 is a sectional view of the semiconductor laser concerning a first embodiment of 
this invention. 

[0012]Below, the composition of this semiconductor laser is combined with a manufacturing 
method, and is explained. 

[0013]By metal-organic chemical vapor deposition, on p-GaAs substrate 1 The p-Ga 1-z1 Al z1 As 

cladding layer 2 (0.8 >=z1 >=0.55), p or the Hn^Ga^As^P^ lightguide 3 (1>=x2>=0, 

1>=y2>=0), The In x 3 Ga 1-x3 As l-y3 P y3 active layer 4 (1>=x3>=0, 1>=y3>=0), n. Or the i-In^Ga^ 

x2 As l-y2 P y2 I'Bhtgwde 5, the n-In x4 (Ga 1 _ z4 Al z4 ) ^As^P^ cladding layer 6 (1>=x4>=0, 

1 >=y4>=0.8, 1 >=z4>=0), n-GaAs contact layer 7 is formed. The n lateral electrode 8 and the p 
lateral electrode 9 are formed in each of the contact layer 7 and the substrate 1 after that, and 
it completes. Each cladding layers 2 and 6 and each lightguides 3 and 5 are taken as the 
presentation which carries out lattice matching to GaAs substrate 1. 
[0014]Since this semiconductor laser does not contain aluminum in the active layer 4, its 
endurance is high, and again, By having considered it as the lightguides 3 and 5 of the above 
presentations, and the cladding layers 2 and 6 to the active layer 4 which consists of In^Ga^ 

x3 As 1-y3 P y3' over f° w of an electron and an electron hole decreases and electronic injection 
efficiency can be maintained highly. Therefore, generation of heat of an element can also be 
reduced and the semiconductor laser of a reliable 0.8 mum belt can be realized under a high- 
output oscillation. 



[0015]In the above-mentioned embodiment, an active layer is good also as the bulk or quantum 
well structure of the InGaAsP system material which carries out lattice matching. When 
considering it as quantum well structure, it may be the presentation which has a compressive 
strain and a tensile strain, and in this case, the barrier layer which compensates distortion on 
both sides of a quantum well layer may be provided. A quantum well layer may be multiple 
quantum well structure. 

[0016]Although the GaAs substrate uses the p type conductive thing, using a n type conductive 
substrate, it may be grown up from a n type semiconductor layer, and may constitute a 
semiconductor laser from an above-mentioned embodiment 

[0017]In the above-mentioned embodiment, although the semiconductor laser of a simple double 
hetero structure was explained, it is good also as profit waveguide type stripe laser in which the 
insulator layer which has a current injection window of stripe shape was formed on the contact 
layer. The semiconductor layer composition of the semiconductor laser of this above-mentioned 
embodiment is also applicable to the semiconductor laser with a refractive-index waveguide 
mechanism produced using a usual photolithography and dry etching, a semiconductor laser with 
a diffraction grating, or an optical integrated circuit 

[0018]The sectional view of the semiconductor laser concerning a second embodiment of this 
invention is shown in drawing 2 with the making process. 

[0019]Below, the lamination of this semiconductor laser is combined with a manufacturing 
method, and is explained. 

[0020]By metal-organic chemical vapor deposition, on n-GaAs substrate 21 The n-In^CGa^ 

z4 A W 1-x4 As 1-y4 P y4 claddir| g ^ r 22 (1>=x4>=0, 1>=y4>=0.8, 1>=z4>=0), n or the Hn^Ga,. 

x2 As l-y2 P y2 ''Shtguide 23 (1>=x2>=0, 1>=y2>=0), The In^Ga^As^P^ active layer 24 

(1>=x3>=0, 1>=y3>=0), p or the '-[n x2 Ga i- x 2 As 1-y2 P y2 ''ghtguide 25, the first upper clad layer 26 

(0.8 >=z1 >=0.55) of p-Ga 1 _ z1 Al z1 As, The second upper clad layer 28 of P~I n x 5(G a i- Z 5Al z5 ) ^ 5 P 

etching blocking layer 27 (1>=x5>=0, 1>=z5>=0) (about 10 nm in thickness) p-Ga 1 _ z1 Al z1 As, and 

p-GaAs contact layer 29. It laminates one by one and the insulator layers 30, such as Si0 2 , are 

further formed on this contact layer 29 ( drawing 2 (a)). Each cladding layers 22, 26, and 28 and 
each lightguide 23, and 25 are taken as the presentation which carries out lattice matching to 
the substrate 21, respectively. 

[0021]Then, it leaves the stripe shape portion 30a of the insulator layer 30 about 3 micrometers 
wide with the usual lithography, The stripe shape portion 30b with a width of about 6 
micrometers of both the side is removed (the figure (b)), Wet etching removes the epitaxial layer 
from the contact layer 29 to the etching blocking layer 27 upper surface by using the insulator 
layer 30a of this left-behind stripe shape as a mask, and a ridge stripe is formed (the figure (c)). 
If sulfuric acid and a hydrogen-peroxide-solution system are used as an etching reagent at this 
time, etching will stop automatically by the etching blocking layer 27. Let thickness of the first 
upper clad layer 28 be the thickness which the refractive-index waveguide by single dominant 
mode can attain to high power in the ridge stripe waveguide formed as mentioned above. Next, 
the insulating layer 31 is formed all over a ridge part and the exposed etching blocking layer 27 
(the figure (d)). Subsequently, with the usual lithography, as the insulator layer 31 on the upper 
surface of a ridge stripe part is removed (the figure (e)) and the exposed contact layer 29 is 
covered, the p lateral electrode 32 is formed, after that, polish of the substrate 21 is performed 
and the n lateral electrode 33 is formed (the figure (f)). 

[0022]Then, a high reflectance coat and a low reflectance coat are carried out to the whole 
surface of the resonator face which carried out cleavage of the sample and formed it, after that, 
chip making is carried out and a semiconductor laser element is formed. By the above- 
mentioned structure, the laser beam of the 0.8 mum belt of the optical power of a high level can 
be generated, with single transverse mode maintained. 

[0023]The sectional view of the semiconductor laser concerning a third embodiment of this 
invention is shown in drawing 3 with the making process. 



[0024]Below, the lamination of this semiconductor laser is combined with a manufacturing 
method, and is explained. 

[0025]By metal-organic chemical vapor deposition, on p-GaAs substrate 41, the p-Ga^AI^As 
cladding layer 42 (0.8 >=Z1 >=0.55), p or the i-In x2 Ga 1 _ x2 As 1 _ y2 P y2 lightguide 43 (1>=x2>=0, 
1>=y2>=0), The In X 3Ga 1 _ x3 As 1 _ y3 P y 3 active layer 44 (1>=x3>=0, 1>=y3>=0), n or the i-In^Ga^ 

x2 As i- y 2 P y2 '"ghtBU'de 45, the n-In x4 (Ga H4 Al l4 ) i- X 4 As 0.2 P 0.8 first u PP er clad 46 
(1>=x4>=0, 1>=z4>=0), The n-In x5 (Ga 1 _ zS Al zS ) ^P second upper clad layer 47 (1>=x5>=0, 

1>=z5>=0), n-GaAs contact layer 48 is laminated one by one, and the insulator layers 49, such 
as Si0 2 , are formed on this contact layer 48 ( drawing 3 (a)). Each cladding layers 42, 46, and 47, 

each lightguide 43, and 45 are taken as the presentation which carries out lattice matching to 
the substrate 41. 

[0026]Then, it leaves the stripe shape portion 49a with a width of about 3 micrometers of the 
insulator layer 49 with the usual lithography, The stripe shape portion 49b with a width of about 6 
micrometers of both the side is removed (the figure (b)), Wet etching removes the epitaxial layer 
from the contact layer 48 to the first upper clad layer 46 upper surface by using the insulator 
layer 49a of this left-behind stripe shape as a mask, and a ridge stripe is formed (the figure (c)). 
If sulfuric acid and a hydrogen-peroxide-solution system are used as an etching reagent in order 
to remove the contact layer 48, and a chloride system is used in order to remove the second 
upper clad layer 47, etching will stop automatically by the first upper clad layer 46. Let thickness 
of the first upper clad layer 46 be the thickness which the refractive-index waveguide by single 
dominant mode can attain to high power in the waveguide of the ridge stripe width formed as 
mentioned above. Next, the insulator layer 50 is formed all over a ridge part and the first 
exposed upper clad layer 46 (the figure (d)). Subsequently, with the usual lithography, as the 
insulator layer 50 on the upper surface of a ridge stripe part is removed (the figure (e)) and the 
exposed contact layer 48 is covered, the n lateral electrode 51 is formed, after that, polish of the 
substrate 21 is performed and the p lateral electrode 52 is formed (the figure (f)). 
[0027]then, the whole surface of the resonator face which carried out cleavage of the sample 
and formed it — a high reflectance coat — on the other hand, it is alike, chip making of the low 
reflectance coat is performed and carried out, and a semiconductor laser element is formed. By 
the above-mentioned structure, the laser beam of the optical power of a high level can be 
generated, with single transverse mode maintained. 

[0028]It is also possible to create the refractive-index waveguide laser of an embedded 
structure further again by [ which repeat 3 times of growing processes ] carrying out using the 
same etching stopping mechanism as the above. 

[0029]Although especially the above-mentioned embodiment showed the structure called SQW- 
SCH with a single quantum well and a constant lightguide presentation, it is good also as MQW 
which makes [ two or more ] a quantum well instead of SQW. 

[0030]An oscillation wavelength is controllable in [ 750 nm ] < lambda< 1 100 nm by controlling 
the composition ratio of said ^^■[-x.Z^-yZ^yZ active laver ' etc - 

[0031] As a grown method of a semiconductor layer, the molecular beam epitaxy which uses an 
above-mentioned solid or gas besides metal-organic chemical vapor deposition as a raw material 
may be used. 

[0032]The semiconductor laser of this invention is applicable also as a light source in high-speed 
information, image processing and communication, measurement, medical science, and the field 
of a printing this. 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] The sectional view of the semiconductor laser concerning a first embodiment of this 
invention 

[Drawing 2] The sectional view showing the semiconductor laser concerning a second 
embodiment of this invention, and its making process 

[Drawing 3] The sectional view showing the semiconductor laser concerning a third embodiment 
of this invention, and its making process 
[Description of Notations] 

1 p-GaAs substrate 

2 p-Ga 1 _ z1 Al z1 As cladding layer 

3 p or an ' _ ln x 2 Ga i- x 2 As i- y 2 P y2 lightguide 

4 In x3 Ga 1-x3 As 1-y3 P y3 active la y er 

5 n or an '-In x2 Ga i- x 2 As i- y 2 P y2 ''gntguide 

6 n-In^CGa^AI^) ^As^P^ cladding layer 

7 n-GaAs contact layer 

8 n lateral electrode 

9 p lateral electrode 
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DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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^fc»BMU£aSilS<, lib Ga,-,3 As™ P* i>fe 

ft 4 \Z% LX±m i. 5 ft&£©7t«l 3 , 

5 *iJ:tf* 7 yKS 2, 6t LfcCitci^ 1?-fcJ: 
IWEft®*-^-? n -;&S'>ft < ft 19 m^-©ftA$)*£ 
K<«H*t5-ia«-tf*5. tot, 

0.8 ymfO^U-f fcSfcgtS^tf-CtS. 

[0 0 15] ftfc\ ±EiaiS»«{C*iV^-C, ftttJftttt 
T-S^t5InGaAsP 3^ffl©/W t> L< ttltf#Ffll 
J^LTfe-fc^. **#F*i§i:t5#£fcH:ffifig£* 

[0 0 16] Sfc, ±EHJfi©^ffi-Cf±, GaAsSSttp 

[0 0 17] ftfc\ ilSHJitD^l^^Tii, *ffift 

mmm&LitmwmMz hy-cfu-ft lx^x 

V\ iE^JS^t©^^-^©*^! 
tM£, 3&© 7 ^y 77*7^^7^77^7* 

U\ 0#T&^ttt0^fti— f\ t>L<tt, ft&KH 

[0 0 18] *58W©^-©^lt»*tff 5***1/- 
■^©^0*^0^16^*^0 2^^. 
[00 19] £TFfc, ©!*#$£#« 

[00 2 0] *f*&JR&fBjfcgSite i 19 n-GaAsS«21± 
(C, n-In,4 (Gai-24 AL)m As™ P >4 7 7 7 KJf 22 
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(1^x4^0, l^y4^0.8, 1 ^z4£ 0) , n $fc» 
i-In, 2 Ga™ As™ P« 3t*SUB23 ( 1 ^x2^ 0 , 1£ 
y2^0) , Iita Ga™ As™ P* Sttl24 (1^x3^ 
0, l^y3^0) s p tfcfii-In* Ga™ As™ P y2 ft 
^$tJf25, p-Gawi Alzi As®-±S7 7 7 KJf 26 (0.8 
^zl^0.55) s p-ln l5 (Ga™ AU )™ P ^ 7^7*151. 
Ikf 27 (1^x5^0, l^z5^0) Of^lOnmfl^) p- 
Ga™ Alzi As^H±g|57 7 7 K128, p-GaAs=J ^ |. 
l29SrHSfta«U $feiC-0=iy^^ M29±(iSi0 2 
10 #0|fe^3O*^t5 (02 (a) ) „ ftfc\ #^7 
y K*22,26,28*J < trjt#3t*jgJg23 > 25(±^tl^tlSffi 

2nc^s^t5m^tt5„ 
[0021] ^0^ a^©y y^77>f-tJ:9, ffi 

&K3O0, S3 /irng^©^ h7^7^W^30a 

^©Mf-^ K0ffi6 ^mgg»^ S7^7'$aS#30 
b (|W)0 (b) ) , ^(DmZtltlX h7^7°^ 

©lfeStM30a Srvx^ i LT9^7 b^7f->^(Ci«9 
M29^^^s/^yyilJj:l27±E^-e©it° 

20 (pih (c) ) „ r©i$, x^fy^iUMi: 

Jhl27-Ci»e«jU:ff±1-5 0 %-}M9'7v KI280J? 
*tt, ±iE© i 5 £ LT^riE S tifc y 7 v 5 * h 7 ^ 7°* 

rJtiltfitTV^5xy^y^riBJhl270^ffitffi^l3lS: 

ff^ts (ins (a) ) . at©yyy*7 7^ 
-tiu, y h7^7°gp±E0i6ii)i3i*^it 
(PIH (e) ) , ntoZtHtxy?? YM2^Wb £5 

V^nflOSffi33Sr^t5 (P10 (f) ) . 
[0 0 2 2] ^0fL ^*^HtT^L^*S^S 
©-ffiic^Slt^3- h^Tl\ ^© 
^ 7"7 7*ftUT***U— !f*^S:^t5. -tfEtf 

tH*©0.8 j/ m»0U-tfft«:££$-£3 

[0 0 2 3] **K0®H©^16^1»^fil5***U- 

40 [ o o 2 4 ] £(t^ ^"f<Dmm&&<mii 
mtmxmmz, 

[0 0 2 5] , P -GaAsS«41 

p-Ga.-zi Alzi As7 7 7 K142 (0.8 ^Z1^0.5 
5) , p *fctti-Iita Gai-,2 Asi-fl Py 2 3t?iSl43 (1 
^x2^0, l^y2^0) , In l3 Gai-z3 Asm Py 3 ?S't41 
44 (1^x3^0, l^y3^0) , n Sfc(4i-In l2 Gat* 
Asi-,2 P y2 ^t*jSt^45, n-In l4 (Gai-z, AL 4 )i-n As».2 P 
o. 8 7 7 K146 (1 Sx4^0, l^z4^ 

0) , n-In s5 (Gai-z 5 Ahs )« P %~h^9yy K147 
50 (1^x5^0, 1 ^z5^0) , n-GaAsny^^ M48* 
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JKKfltl U ^<D=iy?t M48±HSi0 2 #©$fei$|49 ■ 
SrJ&fifctS (B3 (a) )„ #^7y K142.48, 

47, #3t*SEJB43, 45(1, S«41H&^g£-f SSi&t 
+5. 

[0026] :oi, i^©y y^77^-tj;(9 % ft 

^^49©i)iM3 (im||©^ f«7'f7'ft(fl5H9a £g|L 

KOfi 6 /imilC^ h7^7°^^49 
b £&*L (SDEl (b) ) , ZOBZtiltxhJ'CTVt 

M48;6»P>&-±8|S7 7y Kl46±jg*-e©x 10 

(IHm (c) ) „ syf^iU, M48 
* -5 » fcfiSB6 <b i@Sfefc***£ v \ fS-± 

y^^»-±9J^7 y Kl46-ee«i«j^±t5. 
fg-Jbg|5? 7 y Kl460jf*tt, ±i£© J: 5 fcL-O&jfc 
Stbfcy h7^7'(i©*ftK{i*5^X¥-S* : E- 

7 7 7 K«46O^iBfcJft||kR50Sr^1-5 M 20 

(d) ) „ &^X\ mn<D}) V?y-74-\Z.^^ y y 
^h7>f7TBJ±S<Oite»IR50S:BfeiL 

(e) ) , BtHSJlfcay** M48ft«5J:5tUT 

*«52*^t5 (HEI (f) ) . 
[0 0 2 7] tm£§fMLTff^L/c*i§Sffi 

ffl*Ol"-1f3tS:»4**5^i:^-C#5. 30 
[0 0 2 8] ±.fZtmm<D^y^y?W± 



[0 0 2 9] ±B**©»ll-Ctt#K:JtF#FaJ*- 

x\ >m$.M&i$,&-fe<DSQw-scHkm-zhm 

3£fc*Lfc#, SQW©^«j|c*^F?irffi»:tt5 
MQWt LTfc iV\ 
[0 0 3 0] Sfc„ flWEIita Gai-,3 As™ Py; ffittJf CD 

a^^^»t5riiij;"9, 750m < 

A. <1100nm©ttffl^{fiUffiliSBj|g-Cfc5. 
[0 0 3 1 ] tfc, ¥«fftl ©J&^i UTfiLtft©* 

3Ht»x tr 7 * + ;H$£ft Sr 1 ^ X h X 1/ \ 
[0 0 3 2] fcib\ fiWjjffg 

•B^afciOTf, ttij, mm, mm<Dmx<D 
XMtLxiifcmmnibz. 

m 1 ] *mo>%-<ommi&K%z i mfti'-'f<D 
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5 n 4fcf±i-Iita Gai-,2 As™ P,z ft^jgEl 
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